The occurrence of Plasmodium vivax malaria was reported in Nouakchott, Mauritania in the 1990s. Several studies have suggested the frequent occurrence of P. vivax malaria among Nouakchott residents, including those without recent travel history to the southern part of the country where malaria is known to be endemic. To further consolidate the evidence for P. vivax endemicity and the extent of malaria burden in one district in the city of Nouakchott, febrile illnesses were monitored in 2012-2013 in the Teyarett health center. The number of laboratory-confirmed P. vivax cases has attained more than 2,000 cases in 2013. Malaria transmission occurs locally, and P. vivax is diagnosed throughout the year. Plasmodium vivax malaria is endemic in Nouakchott and largely predominates over Plasmodium falciparum.
Malaria has been known to be endemic, with occasional and sometimes deadly epidemics, in the Sahelian southern Mauritania, bordering Senegal and Mali, two West African countries where malaria has been endemic for centuries. 1 In one of the first epidemiological studies on malaria conducted during the colonial period in 1945-1946 along the Senegal River that forms a natural boundary between Senegal and Mauritania, Plasmodium falciparum (133 of 180 positive smears, 74%) largely predominated over Plasmodium vivax (8%) and Plasmodium malariae (18%). 2 The primary vector was reported to be Anopheles gambiae sensu lato in that study. However, two further studies conducted in southern Mauritania in the 1960s did not confirm the presence of P. vivax, and of the two human malaria species found, P. falciparum largely predominated over P. malariae. 3, 4 The rest of the country is mostly desert where it had been thought that rare cases of malaria occurred sporadically in the transition zone between Sahel and Saharan regions or that the zone was free of malaria. 1, [3] [4] [5] When Mauritania gained independence from France, Nouakchott, a former tiny fishing village situated in the Saharan region (18 6 north, 15 57 west) where a French military outpost was established to control the trade route between Morocco and Senegal, became the new capital city in 1958. Its climate is characterized by a long dry season and a short rainy season. At that time, only Anopheles pharoensis, considered to be an inefficient vector of malaria parasites, was captured in Nouakchott. 6 Until the 1980s, Nouakchott was considered to be free of autochtonous malaria, and few cases of P. falciparum and Plasmodium ovale diagnosed in the city were attributed to migrants and travelers from southern Mauritania. 7 Despite contradictory earlier reports, 2-4 the presence of P. vivax in the country in the 1990s is supported by the passive surveillance system of imported malaria in the United States that had detected few cases (1 in 1992, 2 in 1995, and 3 in 2000) of P. vivax-infected travelers returning from Mauritania. [8] [9] [10] Moreover, between 1995 and 1998, five imported cases of P. vivax malaria in France originated from Mauritania. 11 It was suggested for the first time in a study conducted in 1996 that, based on the observation of malaria-positive Mauritanian residents in Nouakchott without any recent travel history to endemic areas, P. vivax transmission may occur in Nouakchott. 12 In another study conducted in Rosso, situated along the Senegal River, during the dry season in 2004-2006, most P. vivax-infected patients had a recent travel history to Nouakchott, and the authors suggested that these patients had been infected in the capital city. 13 Studies conducted in Mauritania until 2006 were based on microscopic examination of blood smears. [2] [3] [4] 12, 13 In more recent studies conducted between 2007 and 2010 in P. vivaxinfected children without travel history outside Nouakchott, Plasmodium species identification was confirmed by both rapid diagnostic test for malaria and polymerase chain reaction (PCR). [14] [15] [16] These studies support the hypothesis that P. vivax malaria has emerged in Nouakchott. The aim of this study was to monitor the current trend of laboratory-confirmed malaria cases in one of the health centers in Nouakchott.
From January 2012 to December 2013, the monthly malaria incidence was followed among febrile patients presenting spontaneously at Teyarett health center, situated about 9 km from the Atlantic coast and 2 km from the international airport ( Figure 1 ). The choice of this health center was based on the results of previous studies that have shown that P. vivax malaria is highly prevalent among febrile patients residing in this district. [14] [15] [16] An adequate supply of rapid diagnostic tests to screen all suspected malaria cases was available starting October 2012. Plasmodium vivax malaria was diagnosed throughout the year, possibly including relapses during the dry season, with a peak occurring in October and November, just after the rainy season (August-September) ( Figure 2 ). From January 2012 to December 2013, 4,971 of 9,141 rapid diagnostic tests were positive for P. vivax. Although the present data are incomplete from January to September 2012, the complete data confirmed by the rapid diagnostic test between October 2012 and December 2013 indicate that 54% of clinically suspected malaria cases were caused by P. vivax. The other three human malaria species, P. falciparum, P. malariae, and P. ovale, were not detected during the study period. Moreover, as part of the quality control of laboratory diagnosis of malaria and evaluation of chloroquine efficacy to treat P. vivax infections, about 10% of blood samples with a positive rapid diagnostic test for P. vivax in October and November 2013 were confirmed by both microscopy and PCR. In an earlier study conducted in three different hospitals in 2009-2010, 15 102 P. vivax-positive patients were found among febrile children born and residing in Nouakchott. Although this study included febrile adult patients, an exponential increase in laboratory-confirmed P. vivax cases was observed in 2012-2013.
Over the decades, Nouakchott has undergone a major urban transformation and attracted up to one-fourth of the nation's population (809,360 inhabitants in 2013). Major urbanization projects included an agricultural development and irrigation system within the city confines, potable water supply transported by pipelines from the Senegal River, household and community water supplies, including water fountains, standpipes, and water tanks, and improvement of land routes, transportation, and communication. Economic development also encouraged frequent travels of Nouakchott residents to and from malaria-endemic regions, favoring the circulation of malaria-infected Mauritanians within the country and possibly transport of Anopheles arabiensis to the capital city. Some poorly executed urbanization programs have had a major repercussion on malaria transmission. These include the lack of a water evacuation system, which is the principal cause of annual flooding in Nouakchott, insufficient tap water distribution system, and water leakage from water pipelines and water fountains that serve the city residents. These environmental changes have resulted in the development of An. arabiensis habitats in the city. 14 Man-made environmental changes are therefore major factors that have created mosquito habitats in Nouakchott. 17 Entomological studies have further shown the presence of P. vivax parasites in the salivary glands of An. arabiensis captured in Nouakchott, indicating that P. vivax transmission occurs locally (Lekweiry KM, unpublished data) .
In addition to the environmental factors, human genetic factors favor the endemicity of P. vivax malaria in Nouakchott. Although there is no census based on the demographic weight of different ethnic groups, more than 90% of febrile children spontaneously consulting health centers in Nouakchott were Moors of Arab descent, and the rest of the patients belonged to one of the three ethnic groups of black African origin, namely Poular, Soninke, and Wolof. 15 A large majority of Moors in Nouakchott are Duffy positive, whereas individuals of black African descent are mostly Duffy negative. 7, 18 Although Duffy-negative Mauritanians of black African origin can be infected by P. vivax in rare cases, 18 Duffy factor on the surface of erythrocytes is thought to be the major receptor required by P. vivax merozoites to invade the erythrocyte.
The present data, and those of earlier reports, 12,14,15 strongly support the emergence and establishment of P. vivax in Nouakchott, where environmental, entomological, and human genetic factors favor autochtonous malaria transmission. Rare cases of P. falciparum diagnosed in Nouakchott, mostly during the rainy season, may be imported from southern Mauritania. 14, 15 Further studies are being conducted to detect P. falciparum in mosquitoes captured in Nouakchott. Moreover, alternative treatment regimens, including chloroquine and primaquine, are being evaluated. Although the geographic origin of P. vivax in Mauritania is currently unknown, there is strong evidence that malaria transmission occurs locally and is highly prevalent after the rainy season. Although malaria was eliminated from Morocco in 2010 and Algeria has entered into a malaria elimination phase, an opposite trend was observed in Nouakchott, Mauritania, where the prevalence of P. vivax malaria among febrile patients is increasing at an alarming rate. Urgent measures are required to reverse this trend and control malaria. 
